In guinea pig thyroid tissue incubated at 25\s=deg\Cfor forty hours the binding (organification) of iodide appears to be the step most sensitive to TSH. Binding is independent of uptake in this system and physiological doses of TSH can stimulate binding while uptake is partially inhibited. At a suitably low concentration of PTU, the addition of TSH can counteract the effect of this drug. At less than maximal concentrations, the effects of TSH and theophylline (a phosphodiesterase inhibitor) are additive, which supports the hypothesis that TSH acts by stimulating the production of cyclic 3 \ m = ' \ , 5 \ m = ' \ -A M P .
The biochemical assay technique first described by Kirkham (1962) and subsequently modified by Desbarats-Schönbaum et al. (1967) has now been used for more than 5 years for the estimation, without prior extraction and con¬ centration, of serum TSH in man (Desbarats-Schönbaum 1969) and baboon (Gale et al. 1969; Desbarats-Schönbaum 1969) .
It became apparent during these studies that the technique established for purposes of bioassay could be used conveniently for a study of the mechanism of action of TSH at concentrations which are of the same order of magnitude as those found in human plasma (Desbarats-Schönbaum et al. 1967) .
In this paper, several experiments are described which provide a rational basis for the empirically justified use of the in vitro bioassay and at the same time illustrate several separate but related processes occurring in thyroid tissue.
The processes described are:
1. the distribution of 131I in homogenates of guinea pig thyroid tissue in¬ cubated with 131I-iodide; 2. the distribution of bound and free 125I-iodine in incubated thyroid tissue previously labelled in vivo with 131I; 3. the inhibition of binding by various concentrations of propylthiouracil (PTU);
4. the effects of ouabain and K+ on iodide uptake; 5. the effects of various concentrations of theophylline;
6. the effects of dinitrotyrosine (DNT).
In each case the action of TSH is related to the particular process studied.
MATERIALS AND METHODS
The basic procedure followed in most experiments is the one used routinely for an in vitro bioassay of TSH and has been described previously in detail (DesbaratsSchönbaum et al. 1967) .
Guinea pigs weighing 250-300 g were obtained from Canadian Breeding Labora¬ tories, Laprairie, P. 0., Canada. Animals were fed salt-free Ken-1-Kibble (Quaker Oats Co. of Canada Ltd., Peterborough, Ont.), to which 1 % NaCl (reagent grade) was added"'. Carrots and hay were available in the cages. Ascorbic acid (0.1 %) was also added to the drinking water throughout.
Thyroid tissue was obtained from guinea pigs which had received PTU for at least 80 days (propylthiouracil U. S. P., American Cyanamid Co., Pearl River, N.Y., U.S.A., 0.1°/o in drinking water). The (a) Replicate incubates were combined and a 1 ml portion put on a »Sephadex« G-75 (1 X 10.5) column.
(b) The incubated tissue cubes were combined, homogenized in 0.5 ml of 0.154 m NaCl and the homogenate put on columns as in (a).
Columns were saturated and eluted with 0.9% NaCl. The first 10 ml were collected as 1 ml fractions, and the remainder as 2 ml fractions.
3. Inhibition of binding by PTU and the response to TSH Thyroid tissue from guinea pigs receiving 0.1 % of PTU in the drinking water was used. Incubation media with 125I~were prepared containing PTU in concentrations of 0, 10-8, 10-7, 10-" m. One ml was added to the incubation tubes. After addition of the thyroid tissue, a further 0.4 ml of incubation medium (without PTU) was added con¬ taining in some instances 448 µ of TSH. Therefore, the final concentrations con¬ sisted of any residual PTU which may have been present in the glands plus 0.7 X 10-8, Theophylline also affected the amount of 125I retained by the incubated tissue. Table 3 and the left part of Fig. 4 (A, C) demonstrate that compared to control values there was a decreased uptake by thyroid tissue and a reduction Excluding the lowest concentration, which had no effect, all the effects of theophylline described above were dose-related. Uptake and release were inversely, and binding was directly, related to the dose of theophylline (Fig. 4) .
(2) Thyrotrophin decreased the »uptake« of iodide from the medium (Table  4) . However, the release of trapped 125I (by KC104) was also decreased. Except with the lowest concentration of TSH (0.44 µ\]) the net result (binding) was increased.
(3) In Fig. 5 the effect of theophylline on the increase in binding of iodide in response to increasing concentrations of TSH is shown. There was no effect on binding with TSH concentrations increasing from 0.44 to 112 ,«U in presence of -2 m theophylline, the highest theophylline concentration used. Effects were observed with 10-3 and -4 m theophylline, concentrations which did not produce maximal binding.
(4) In the presence of 28 µ\] of TSH, theophylline caused a decrease in up¬ take, but decreased the release of 125I by KC104 to a greater extent, the net result being an increase in binding (Fig. 4) .
The linear relationship between uptake or release on the one hand and the (Alexander et al. 1969 ).
In the assay system thyroids removed from guinea pigs treated with PTU (0.1 */o in drinking water) up to the time of sacrifice avidly take up and bind iodide. The results of the present experiments indicate that while residual PTU in the gland prior to incubation is not metabolized to any extent, uptake of iodide and stimulation of binding by TSH takes place when PTU is present in concentrations of 0.7 X 10_s m or less. An explanation of why the concen¬ tration of PTU in the incubated thyroid is low is based on the nocturnal pattern of feeding and drinking of the guinea pig, the short biological halflife of PTU, and the laboratory procedure of preparing thyroids for assay in the afternoon. After the ingestion of PTU at night, there is a 7-8 h interval before removal of the thyroid gland. It would be expected that all but a small amount of PTU would be cleared from the gland during this period. (Table 1) show that the uptake of iodide is inhibited by this drug and confirm earlier work by Wolff (1960) . There is evidence that ouabain in low concentrations such as -5 m only inhibits the Na+ and K+ dependent ATPase (Glynn 1964) , an enzyme involved in the active transport mechanism for iodide. Uptake is further inhibited in the absence of K+, that is, the effect of ouabain is increased. Although a smaller amount of iodide is available because of the decreased uptake binding of this iodide occurs and is somewhat increased by TSH. Thus, with ouabain, an inhibitor of I~t ransport, the only interference with the action of TSH appears to be a limitation of the size of the iodide pool.
5. In vitro effects of theophylline on iodide uptake and binding Theophylline decreases both the uptake of iodide by incubated thyroid tissue, and the amount of iodide in the »perchlorate-sensitive« pool (Fig. 4 A, B (1969) in rats fed a low iodine diet and treated with theophylline or aminophylline.
In this study theophylline has been used because of its action as a phospho¬ diesterase inhibitor, with the objective of increasing the availability of cyclic 3',5'-AMP, a suggested mediator of the TSH response (Pastan 1966 (Green 1968 
